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PURPOSE: To form a small-sized drive unit of high performance by using a 
wave generator made by radially and annularly disposing a plurality of piezoelec- 
tric elements. 

CONSTITUTION: A motor using a plurality of piezoelectric elements 11 has piezoe- 
lectric wave generators 10 in which the plurality of piezoelectric elements 11 . 
are radially and annularly arranged, a flake spline 20 made of thin cup : shaped 
elastic metal and formed with involute teeth 21 on the outer periphery of a 
hole, a circular spline 30 formed with teeth 31 having the same pitch as the 
teeth 21 and two teeth more than the number of the teeth 21 on the ring-shaped 
inner periphery, and a piezoelectric element drive circuit 40. Thus, voltage 

;^ are applied to two elements 11a, lln opposed on the radial line of the generator 
J. 0 to be elongated to deform the spline 20 in an elliptical shape to be contacted 

/-•//■with the teeth 31 of the spline 30. The spline 30 can be rotated by sequentially 
shifting the voltage application to the adjacent sets of elements 11. 
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FURPOSE; To form a small-sized drive unit of high performance by using a 
1 wave generator made by radially and annularly disposing a plurality of piezoelec- 
* trie elements, 

CONSTITUTION: A motor using a plurality of piezoelectric elements 11 has piezoe- 
lectric wave generators 10 in which the plurality of piezoelectric elements 11 
are radially and annularly arranged, a flake spline 20 made of thin cup-shaped 
elastic metal and formed with involute teeth 21 on the outer periphery of a 
hole, a circular spline 30 formed with teeth 31 having the same pitch as the 
teeth 21 and two teeth more than the number of the teeth 21 on the ring-shaped 
inner periphery, and a piezoelectric element drive circuit 40. Thus, voltage 
are applied to two elements 11a, lln opposed on the radial line of the generator 
10 to be elongated to deform the spline 20 in an elliptical shape to be contacted 
with the teeth 31 of the spline 30. The spline 30 can be rotated by sequentially 
shifting the voltage application to the adjacent sets of elements 11. 




c 



/ 



© a * litiit)T.(jp) 



fit. CI." 

02 N 2/00 
|)1 L 41/08 



8325- 5 H 
C-7131-5F 



BS61 - 142979 

1 083061^(1986) 6 H30B 



1 (i5l) 



A 
A 



@# IP PS59- 265593 
@tt5 $t 0359(1984)12^170 

:ft3± ft ar w ■ 



| i > mj §a ^ - * * 5 • X7'^ y f*i k: a 

jp 4 > - * a 7 • x r 5 -f y © cfi /Cv fct t 

* 7- * * 7 V X 7* ^ ^ y © g: &±© 2 j& 
: ^Z.kfo&J) N Hule 7 U £ X7' 7 < y . 



*c ^ > T mT 33 if* - + jl • X7*7-f y # 0 $5 * 

(2 ) ft ft ft? ^©SgSm'l «fcffi«0BEi*3BT* 
ffliyfc*-^ K*n*T*t N mj|B7 xt*^ y& 

i^jS^+i " y ^ K 5 

^ ± * ffi £ * t ttffi * * « £ fc . z 

6 ft*,. 5 y :> A #/jv£^, B&ffi&*<ffi 

^ *> ^ y >^ 2&Mft'&b*i&, m $i & « 



£ n & © a. 7 • fi 
S3**-**. 7 • Ts-f? 4 y nx-VkV £>n. fl-ftinZ 
fjia-* - * a 7 * XT 1 ^ y©£&£^#.&i^-7 
wiBV - * * y • X7'? y©i5&®fliSSE<!:2l#£ 

m&vv 9 *t ? * y ft kssew- *is figs 
ga^ij $ n o fa 



??fMGl-14297< 

^££tf£x, ft ?(r & 7 4> & < £ 

•7 • xr^ yott^±©2^,Tfiia^- 

* * 7* 7 -< yiSifi27 ^ y £ # 

* 7 • * 7' 5 4 y 03 ££ £ -tf £ c £ £ 4 

y ^ k 7 -f 7* £ js] m sb ft * e # -c ft -5 

W> 6 m C # v 7* /n - ^& v 9 K ^ -< 

;\ - ^ ^- v 7 V 7 1 7' & „ ff PM£ © * A 

* ©^K3k: l±tf>iA£ *i & £ •. 

^ 7 U y ? \ 0 2^MI^^^7x ^* 

9 \ OOi, & m © * v y'iH 

■■-*?' 



r m P 2tf © # JS3 k *f v *" l J * - h # i 1 l a<SJ * 
X7'? .-f y l 1 0 n\&x y y/tfc 
^i^j^{:7i/^x7 , ?r/ i 1 0 o'-f ^ y a ■ 

1 ura^yfe^nAti 2 
^-(y*''J* - h & 1 2 1 #2$ £ *i fc ^ - * ^ 7 
• 7, v 7 -f y 1 2 0 to 3 &a>m^^Mfrz>ffif& 
£ n "c ^ & * 7 * - 7' • y* x # u - ^ 1 0 0 & > 

*©ia*s8:H#t"*-4'*.? • 7, 7* 7 ^ y 1 2 0.^ 

8HC*OTv ^9100 110', 12 

0 ' ' fcfc . IfSSElC^^^jt-r* i>' * U - ^ 1 

00. 7i^n7'7on o, t - ^ i 7 • 

7* 7 -f y 1 2 0©@£&S£*;ft?ft^3". 

- 7* • •>* * * ^ - ^ 1 0 0 ^sfuc^^g? nyi 
^-^tr^^THii^s B8tgl (a) tc^r 
cfc 7 # EI $eJ4 S £ & <!: & s 7 ^ - 7* * ^* ^ ^ 1^ 

- ^ 1 0 Q vT&WfctZizbti bti*:7 Is # 



7,7 ? J y I 1 0^<^fiftSti?i^-^ ^4' 
^ y 1 2 0iS^©O.f'J a - h ill * 
* T ^ ^ . ^ x - 7* • * - 9 

ta) © s w n tt ft K .9 

§is B8g) (b) IZtk? £ $ IZfrfr 
&Wit & * 7 * - 7* — 7 i % U - ^ 1 
8.® "(b) ©ttffi;«r.S>B#fr#faC£ $, 

1~ -5 <b . 7U^X7*7^yi 1 0 ■ 
^/i^K^it>5rWec:^Sb-r§. 7 * - 
v - $ i 0 0 Sf 7f fn] i3 - tS ^ 
d) {:^t(t^7l/^^7 , 7'f y'l 

^^©^^^7? K 5 4 7* & v S 

1 0 ^ b T ^ - + .3. 7 • X 7* 7 -f 

^; ^ t & ^ © ^ - ^ y ^ K 

x v ^ - 7* • ->* i ^ u - ^ 1 0 0 

m © be m % * * t& m ^ ^ ^ ^ «c §e 



• # ft ? m 

? % fr%mm?iX -rx Ct?3t b \ 4 -A 
c. T*4-?$P##2g3Ef&ft c. yo; 
^<?i^Z1^3KMG).o z /; >- 4 * ^ £ # 

£ ^^^Ed^ftBH^ 0 Z 

ftMHW 0 Z A y £ A* 6 A £ -xw^X&Z 



c ^omi^o i. ^ - * 
n & o wt&Q> o z a y $ ay • & ^ ^ - & s ^ 

^i*arT* **^sfr s^a&'&stusaia tag 
o t ^-ir^ ■ a-* zmxwmt & 

as as at i T£^m33©@ifi&^ - e ^ 

^ 4 A X • ^ T * - * ^ X|r ^ ns ^. t s $ n - ^ fi 

* /: >- O ^ }ft z ^ m Wr Q r H 2 X * *> a I*| ? i 2 

1H - T A ^00 2 /: ^ 4 A x 6 1 C 3| nh 7f 

KW1^^^^ n 2. [iH v ? 0 z /: J- 4 x # i 

(e) e^GSM-T9BByy*t 



• ■ ■ t 

I 

I^?^©/)- £ ,4 0 0 T * - i # • / 

,cx 4 1 c * v% x>v? ? v & zmmz 1 a y ^ a^ • £ ^ * - 4- x ' 

£AX • ^.^^-fllftt^O Z /C ^^^<?^^*5*<2>* K 7 * H 1 » 

# ^ - ^ £ t /J • /_ _ ^ 0 ^ 4 ^ ^ 2 >j ^ -^/i^^^ ^^^r^- 

• • { d I I '311) " c 0 T I "0 llAyZAX/Pl^yitrT. 

' E M filSoS) z ^ t-j 0 V a.i- * « • '*2r #t ^) fel +1 
as ~i ^ 0 1 XAytzAxt^c 

O ^ ~E>¥ ? 0 Z ^ ^ A X 6 'a C ? 0 <6 ^ ^ £ ^ 1^ ^ 4i M % ^ ® ^ © 
v: • 4^*-^'2^'20Tfi|!0O e <0 0 I ^-^^^^ - .£-^4 

• €■ ^ - -fr ^^^^rj^y^^o^^^^^^^^^^ ( q ) ^ 

• t a t ^ sxfxmwfrm ^mi. o 6 ^^i^4i^^ ^a?*® c 

Ar -g; ^ u J I ? c I I ^ ^ ffi, 5f G) @!} 2 <T ^ ^ 4 ™ ^ A ^ /t >- « ^ S ? # 
i^^'^Tgi©0 I ^ - ^ ^ y ^ ■ ^ • 4 ^ - 4- flg^l^^ 0 T f h 



^ ^ V S fi^v^ I Z $ - ft # A yx W$l A-'"- tftD^M v ? 0.^.^ 
gg a. 34 $| m ^ © ^ © $ $ - 7 o A . - * * i* $ li ^ ^ z o • 
A— ^ ^H3Ef ^111 fi^Egw 

* w la z fig - ia jffl 2v i s 7i ihi ^ ^ 3 m a y $ a t A > - * - ^ is ^ A 
? 1 m i feg v q <£ ^ n 4- ^ % m m n — © ^ 

t 7i fsi ? o> * * & $ ?i @i ^ ^ m ¥ >v c ^ 

- -1 * T ^ • A - * Q- 2. 1 & 2-! ^ - -1 * 

Vf 4- lit ^ i: ^ B 33 4- m HSI * 3Ef mi Ijh 2- "1 & ^ ^ ^ ^ X ^ <i ^ 

- ^1 * t /? • _ ^ ^ T ^ ? - ^ ^ ^ 35 ^ ^ ^ ig s ^ c ^ * 4 
ft ^ c. ^ ^ [aj -1 o ^ - # v ^ ^ - -1 b - -fr Si I* a ^ Z 05 T Si H © /■ 

• a - * b % 30 v i ) 6 - 'I ^ ? > ft <(* <c -v- ^ ^ ^ v "V SO < 



© /\ — "-t 1 -S- v 9 Y r? 4 7'® & 0 £ J& & 

& & m a< s i^x*> 3? c /j% a t .$ a 

5 y £ # & ~ * ^ 5 •. * ■/ 7 4 y©iei$E^ 

£ m JE # K «fc -p T & * & fc # . x -r y y * 
- * © cfc K -r ^ ^ >u ffr K ffi.m t.SCi ^.ffl 3fc 

4 . ei iff © w m sa BJ 
©gj. 



Kraaa 61-142979(4 

$ 8 EI t* s m 6 El C m ? j\ - * j. y ? ^ ^ * 

1 o • ■ - * • &n t> * - y • 

11, 1 1 a - 1 i y • ■ ffifc*^ 

2 0, 110' ■ 7HX7'^ y ^ 

2 1,31 M y*<j* - hft * 

30, 1 2 0 - t-^a7 • ^7*7^ 




20 





^ £ A 6 & ^ & - ^ -i 



PTO 95-901 Japan, Kokai 

61-142979 



MOTOR WHICH USES A PIEZOELECTRIC ELEMENT 
[Atsuden Soshi o Mochiita Mota] 

Hiroki Ikeda 



.... . . fi - ,...•*.* * * 



UNITED STATES PATENT AND TRADEMARK OFFICE 
Washington, D. C. December 1994 



Translated by: Schreiber Translations, Inc. 



Country 

Document No, 

Document Type 

Language 

Inventors 

Applicant 

IPC 

Application Date 
Publication Date 
^ KtSr-eign Language Title 

. English Title 



Japan 

61-142979 

Kokai 

Japanese 

Hiroki Ikeda 

NEC Corp. 

H 02 N 2/00 
H 01 L 41/08 

December 17, 1984 

June 30, 1986 

Atsuden Soshi o Mochiita 
Mota 

MOTOR WHICH USES A 
PIEZOELECTRIC ELEMENT 



1 



Specification 



1. Title of the Invention : MOTOR WHICH USES A PIEZOELECTRIC 

ELEMENT 

2 . Claims 

1. A motor which uses a piezoelectric element which possesses 
a rigid circular spline wherein teeth have been carved on its inner 
circumference, an elastic flake spline wherein teeth which are 
locked with the teeth of said circular spline and the number of 
which differs from that of the teeth of said circular spline have 
been carved on its outer circumference, and a piezoelectric wave 
generator^ which is configured in said flake spline and which 
consist^ of multiple piezoelectric elements which are aligned to 
the center of said circular spline in radial and cyclic fashions 
and which each generate electrical distortion effects, wherein such 
electrical distortion effects are generated by impressing a voltage 
on at least two of said piezoelectric elements which mutually face 
one another in such a way that said circular spline and said flake 
spline will be contacted via their respective teeth at two points 
on the diameter of said circular spline, and wherein said voltage 
distribution is consecutively shifted in a rotating fashion in such 
a way that said circular spline will be rotated in relation to said 
flake spline. 

2. A motor which uses a piezoelectric element with the. 



lumbers in the margin indicate pagination in the foreign text 



following characteristics: In the motor which uses a piezoelectric 
element specified in Claim 1, said, flake .spline induces at least 
two of said piezoelectric elements to generate electrical 
distortion effects in such a way that it will be deformed in an 
elliptical fashion. 

3 . Detailed explanation of the invention 



(Industrial application fields of the invention) 

• The present invention concerns a motor which uses the 
electrical distortion effects of piezoelectric elements. 

, v * . -■■ 

(Prior a£t^;of the invention and its problems) 

.In many*cases, motors have heretofore been used in \o omb i na tJL on 
with harmonic drives which serve as decelerating gears in the 
joints of robots, feeding mechanisms, etc. of machining tools, etc. 
This harmonic drive has numerous characteristics: A high 
deceleration ratio can be easily attained; the backlash is minimal; 
the rotation precision is high; the assembly is simple since the 
number of components is small; compact size and light weight; a 
high torque capacitance can be achieved; the power loss is minimal, 
and the efficiency is high; vibrations are minimal ; etc . /2 

The harmonic drives, however, are simply decelerating gears, 
and since they are not actuators, they must be used in combination 
with actuators (e.g., motors, etc.). 



(Objectives of the invention) 

The objective of the present invention is to provide a motor 
which uses a piezoelectric element, which takes advantage of the 
characteristics of the conventional harmonic drive, and which also 
serves as an actuator . 

(Constitution of the invention) 

The motor of the present invention which uses a piezoelectric 
element possesses a rigid circular spline wherein teeth have been 
carved on its inner circumference, an elastic flake spline wherein 
teeth which are locked with the teeth of said circular spline and 
the number of which differs from that of the teeth of said circular 
spline have been carved on its outer circumference, and a 
^piezoelectric wave generator which is configured in said flake 
•spline and which consists of multiple piezoelectric elements which 
are aligned to the center of said circular spline in radial and 
cyclic fashions and which each generate electrical distortion 
effects; moreover, such electrical distortion effects are generated 
by impressing a voltage on at least two of said piezoelectric 
elements which mutually face one another in such a way that said 
circular spline and said flake spline will 4 be contacted via their 
respective teeth at two points on the diameter of said circular 
spline, and said voltage distribution is consecutively shifted in 
a rotating fashion in such a way that said circular spline will be 
rotated in relation to said flake spline. 



(Functions of the invention) 

The motor of the present invention which uses a piezoelectric 
element engages in motions similar to those of harmonic drives, and 
its action principle will be explained with reference to a case of 
a cup-shaped harmonic drive. 

Figure 6 shows a dissected oblique view of a cup- shaped 
harmonic drive, and its cross-sectional view is shown in Figure 7. 
The cup- shaped harmonic drive consists of the following three basic 
elements: The wave generator (100), which consists of the 
elliptical cam (101) and the ball bearing (102), which is inserted 
into its outer circumference and whose outer ring is elastically 
deformed, the flake spline (110) , which consists of a thin cup- 
shaped metal elastic body and wherein the involute teeth (111) are 
carved on the outer circumference of its opening, and the circular 
spli*ne (120), which is a rigid ring-shaped body and wherein the 
involute teeth (121), the pitch of which is identical to that of 
the involute teeth (111) of the flake spline (110) and the number 
of which is larger by 2, have been carved on the inner 
circumference. The wave generator (100) is rotated by a motor, 
etc., which are connected to the outside, and its rotation is 
transmitted consecutively to the circular spline (120) . 

The action principle of the cup- shaped harmonic drive with the 
foregoing constitution will be explained with reference to Figure 
8. In Figure 8, the arrows (100'), (110'), and (120') signify the 
rotating positions of the wave generator (100) , flake spline (110) , 
and circular spline (120) shown in Figure 6, respectively. In a 



case where the wave generator (100) , which is rotated by a t motor, 
etc. which are connected to the outside, is located at the rotating 
position shown in Figure 8 (a) , the flake spline (110) , which has 
been elliptically deformed by the wave generator (100) , is locked 
with the circular spline (120) in the long axial segment via their 
respective involute teeth. When the wave generator (100) is 
rotated clockwise by 90° from the position of Figure 8 (a) , the 
locking position also shifts, as Figure 8 (b) indicates. When the 
wave generator (100) is further rotated clockwise by 90° from the 
position of Figure 8 (b) , the flake spline (110) shifts in the 
counterclockwise direction by a margin corresponding to a single 
tooth. ,When the wave generator (100) is fully rotated in the 
c3L6ckwi'^i^? f direction, the flake spline (110) shifts in the 
counterclockwise direction by a margin corresponding to two teeth, 
as Figure 8 (d) indicates. In such a conventional harmonic drive, 
the wave generator (100) is rotated by a motor, etc. which are 
connected to the outside, and as a result, the circular spline 
(120) is rotated in relation to the flake spline (110) . 

The wave generator (100) employed in the conventional harmonic 
drive is obliterated in the present invention, and instead, a wave 
generator which consists of multiple piezoelectric elements which 
are aligned in radial and cyclic fashions (hereafter referred to /3 
simply as the "piezoelectric wave generator") is employed. As far 
as this piezoelectric wave generator is concerned, electrical 
distortion effects are generated by impressing a voltage on at 
least two of said piezoelectric elements which mutually face one 



another. As a result, an elliptical shape comparable to that 
produced by the wave generator (100) is obtained. If the voltage 
hereby impressed is consecutively shifted to an adjacent 
piezoelectric element, the long axis, which is characterized by an 
elliptical shape, is rotated, and as a result, an action similar to 
that of a case where the wave generator (100) is rotated from the 
outside can be invoked by using the piezoelectric wave generator. 

(Application examples of the invention) 

Figures 1 and 2 are charts which show an application example 
of the motor of the present invention which uses a piezoelectric 
element. Figure 1 shows a cross-sectional view in a direction 
perpendicular to the motor rotation axle, whereas Figure 2 shows a 
> cross-sectional view in a direction parallel to the motor rotation 
axle . 

This motor possesses the piezoelectric wave generator (10), 
which has been obtained by configuring multiple piezoelectric 
elements (11) in radial and cyclic fashions, the flake spline (20) , 
which consists of a thin cup- shaped metal elastic body and wherein 
the involute teeth (21) have been carved on the outer circumference 
of the opening, the circular spline (30), which is a rigid ring- 
shaped body and wherein the involute teeth (31) , the pitch of which 
is identical to that of the involute teeth (21) of the flake spline 
(20) and the number of which is larger by 2, and the piezoelectric 
element drive device (40) , which individually controls the driving 
actions of the multiple piezoelectric elements (11) . 
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In the paragraphs to follow, the actions of the motor with the 
foregoing constitution will be explained with reference to Figures 
3 and 4. Figures 3 and 4 show the piezoelectric elements (11a), 
(lib) , ... (lly) / which constitute the piezoelectric wave generator 
(10) . The case of Figure 3 pertains to an inactive state, whereas 
the case of Figure 4 pertains to an active state. 

The piezoelectric elements (11a) through (lly) , which are 
configured in radial and cyclic fashions in relation to the center 
(O) of the circular spline (30) , constitute the piezoelectric wave 
generator (10), as Figure 3 indicates. Electrical distortion 
effects aar.e invoked by each of the piezoelectric elements in a case 
where a voltage is impressed under the control of the piezoelectric 
element drive device (40) , and as a result, it is elongated in the 
[■radial direction, As Figure 4 indicates, in a case where voltages 
are impressed on the two piezoelectric elements (11a) and (lln) , 
which oppose one another along the diameter of the circular 
piezoelectric wave generator (10) , these piezoelectric elements are 
elongated in the radial direction, and as the dotted line in the 
figure indicates, the flake spline (20) is deformed in an 
elliptical fashion, and the circular spline (30) and the flake 
spline (20) are contacted on two points along the diameter of the 
circular spline (30) via their .respective involute teeth. The 
voltages impressed on the two piezoelectric elements (11a) and 
(lln) are rotated by the piezoelectric element drive device (40) in 
such a way that the effects will be transmitted to adjacent sets in 
the order of piezoelectric elements (lib) and (llo) , (11c) and 
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(lip) , ... As a result, . an action similar to that of a case where 
the wave generator of the conventional harmonic drive is -rotated 
can be invoked. In such a case, the circular spline (30) can be 
rotated in relation to the flake spline (20) . The actions of the 
flake spline (20) and circular spline (30) are similar to the 
corresponding actions of the conventional harmonic drive which has 
been explained with reference to Figure 7, and no detailed 
explanations are hereby provided. 

In the foregoing application example, the flake spline (20) is 
deformed by impressing voltages on a pair of opposing piezoelectric 
elements, and there is no guarantee that the flake spline (20) will 
be precisely deformed into an elliptical shape. In order to induce 
a precise elliptical deformation of the flake spline ( 2 0 1 / 
therefore, voltages are simultaneously impressed on multiple 
piezoelectric elements adjacent to the two mutually opposing 
piezoelectric elements, and the voltages impressed on the 
individual piezoelectric elements are controlled by the 
piezoelectric element drive device (40) in such a way that the 
magnitude of elongation due to the electrical distortion effects of 
each piezoelectric element will be adjusted. The state of a case 
where voltages are impressed on all piezoelectrib elements (11a) 
through (lly) and where the flake spline (20) , the inner 
circumference of which is contacted with all the piezoelectric 
elements, has been deformed into a more precise elliptical shape is 
shown in Figure 5 as an example. If the voltage distributions are 
thus shifted in a rotating fashion, the piezoelectric wave 



generator (10) can be rotated more smoothly. 

(Effects of the invention) 

As the foregoing explanations demonstrate, a motor which 
serves functions similar to those of conventional harmonic /4 
drives and which also serves actuator functions can be obtained in 
the present invention. There is no need to use an additional motor 
in combination, which is necessary in the conventional harmonic 
drive, and as a result, an extremely compact high-performance drive 
unit can be easily formed. The rotation angle of the circular 
spline in relation to the flake spline is determined by the 
.distributions of voltages impressed on the individual piezoelectric 
elements configured in a radial fashion, and therefore, digital 
■control becomes possible, as in the case of a stepping motor. 




4 • Brief explanation of the figures 

Figures 1 and 2 show cross -sectional views of an application 
example of the present invention. 

Figures 3, 4, and 5 are charts provided for explaining the 
action principle of the application example shown in Figures 1 and 
2 . 

Figure 6 shows a dissected oblique view of a conventional 
larmonic drive . 

Figure 7 shwos a cross-sectional view of the harmonic drive 
hown in Figure 6 . 

Figure 8 is a chart provided for explaining the action 
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principle 


of the harmonic drive shown in Figure 6 . 


(10) 


: Piezoelectric wave generator; 


(11) 


and (11a) 


through (lly) : Piezoelectric elements; 


(20) 


and (110) 


: Flake spline; 


(21) 


and (31) : 


Involute teeth; 


(30) 


and (12 0) 


: Circular spline; 


(40) 


Piezoelectric element drive device; 



(110) : Wave generator. 



Figure 1 

[(10): Piezoelectric wave generator; (11): Involute teeth; (20! 
^Flake spline; (21) : Involute teeth; (30) : Circular spline; (31! 
^pvolute teeth; (40) : Piezoelectric element drive device] 



♦V 



Figure 2 

[ (10) : Piezoelectric wave generator; (11) : Piezoelectric element 
(20) : Flake spline; (21) : Involute teeth; (30) : Circular spline 
(31) : Involute teeth] 

Figure 3 

[(10) : Piezoelectric wave generator] 

Figure 4 

(10): Piezoelectric wave generator] 

Figure 5 

(10) : Piezoelectric wave generator] 
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Figure 6 

[(101); Cam; (102): Ball bearing; (110): Flake spline; (111): 
Involute teeth; (120) : Circular spline; (121) : Involute teeth] 

Figure 7 

[(100): Wave generator; (110): Flake spline; (120): Circular 
spline] 

Figure 8 
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PURPOSE: To readily generate high torque by a flat step motor of small size 
by combining a ball bearing to be plastically deformed with a cam of the shape 



CONSTITUTION: A step motor has a plurality of piezoelectric elements disposed 
in a circular shape, a cylindrical piezoelectric element supporting frame 20 
for supporting the elements, a ball bearing 30 elastically deformed by a pressure 
by the elements 10, and a cam 40 having a flat portion A. The elements 10 
are arranged and supported to the inside of the frame 20, and the bearing 30 
has an outer elastic race 31 to be elastically deformed. Thus, when a voltage 
is applied to the elements 10, the elements 10 are elongated toward the rotating 
center of the cam 40, and pressure is applied to the bearing 30. The bearing 
30 is elastically deformed by the pressure to move the cam 40. The voltage 
application is switched sequentially to the adjacent elements 10 to rotate the 
cam 40. 



having a flat portion. 
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